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THERAPEUTIC PEPTIDES FOR DEMYELINATING CONDITIONS 

Government Funding 
This invention was made in part with government support under grant CA-47554 
awarded by the National Institutes of Health. The government has certain rights in the 
invention. 

Technical Field 

The invention relates to synthetic peptides for treatment of demyelinating autoimmune 
disease such as multiple sclerosis (MS). 

Background 

MS is a chronic inflammatory disease of the central nervous system characterized by 
prominent lymphocyte and macrophage infiltration into the white matter and by demyelination. 
This pathology is associated with neurological dysfunctions such as paralysis, sensory deficit 
and visual problems. The cause of the disease is unknown, but both environmental and genetic 
factors are important. Previous studies demonstrated that the HLA-DR2 (DRB1*1501) 
haplotype, an allele of a multi-gene family encoding antigen receptors known as MHC class II 
proteins, is present at increased frequency in northern European patients with MS (Spielman 
R.S., Nathenson N., Epidemiol. Rev. 4:45 (1982); Hillert J. et al., J. Neuroimmunol. 50:95 
(1994); Oksenberg J.R. et al., JAMA 270:2362 (1993)). 

Peptides that bind to MHC class II proteins have specific types of amino acid side 
chains at locations in the peptide sequence that are known as anchor positions. A variety of 
side chains at non-anchor positions are permitted, some of which are presented to T cells in a 
further step of an immune response (Rudensky A.Y. et al., Nature (London) 353:622 (1991); 
Hammer J. et al., J. Exp. Med. 176:1007 (1992); Hammer J. et al., Cell 74:197 (1993); Chicz 
R.M. et al., Nature (London) 358:764 (1992); Chicz R.M. et al., J. Exp. Med. 178: 27 (1993); 
Malcherec G. et al., Int. Immunol. 5:1229 (1993); Falk K. et al., Immunogenetics 39:230 
(1994)). Approximately 350,000 people in the U.S. and 2.5 million people worldwide suffer 
from MS, which typically affects females who reside in Northern latitudes, from about age 20. 
Strategies for inducing immunological tolerance include blocking antigen presentation, 
supplying altered peptide ligands, developing tolerance by i.v. and oral administration, and 
blocking costimulatory molecules (Sakai K. et al., Proc. Natl. Acad. Sci. U.S.A. 86:9470 
(1989); Hurtenbach U. et al., J. Exp. Med.. 177:1499 (1993); Fairchild PJ. et al., 
Immunology 81:487 (1994); Brocke S. etal., Nature 379:343 (1996)). 

However, there is no cure for MS, a disease which is ultimately fatal. There is a need 

for improved agents to treat MS and other demyelinating conditions. 
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Brief Description of the Drawings 

FIG. 1 is a line graph that shows the inhibition of biotinylated Cop 1 (FIG. 1 A) and 
MBP 85-99 (FIG. IB; SEQ ID NO: 1) binding to HLA-DR2 molecules as a function of 
concentration of unlabeled Cop 1 or each of the synthetic peptides: MBP 85-99 (SEQ ID NO: 
1); and #100-#103 (SEQ ID NOs: 64-67, respectively). 

FIG. 2 is a line graph that shows the inhibition of proliferation of HLA-DR2 restricted 
MBP 84-102-specific T cell line transfectants HylB (FIG.2A) and 8073 (FIG.2B) as a function 
of the concentration of Cop 1 or each of synthetic peptides: #94 (SEQ ID NO: 60); #96 (SEQ 
ID NO: 62); #99 (SEQ ID NO: 63); #100-#103 (SEQ ID NOs: 64-67, respectively); and #107 
(SEQ ID NO: 69). 

FIG. 3 A on the left is a line graph that shows the inhibition of biotinylated MBP 85-99 
by each of MBP 85-99 (SEQ ID NO: 1), or #101 (designated #1 in the FIG., solid triangles; 
SEQ ID NO: 65); FIG. 3A on the right is a line graph that shows inhibition of biotinylated 
MBP 85-99 binding to HLA-DR2 molecules as a function of concentration of synthetic peptide 
#101 (designated #1 in the FIG., solid triangles; SEQ ID NO: 65); #4 (SEQ ID NO: 92); #6 
(SEQ ID NO: 94); and #7 (SEQ ID NO: 95). FIG. 3B is a line graph that shows the inhibition 
of proliferation of HLA-DR2 restricted MBP 84-102-specific T cell transfectant 8073 as a 
function of the concentration each of synthetic peptides: #101 (designated #1 in the FIG., solid 
triangles; SEQ ID NO: 65); and #4 (SEQ ID NO: 92). 

FIG. 4A is a line graph that shows the inhibition of biotinylated MBP 85-99 binding to 

HLA-DR2 molecules as a function of concentration of each of unlabeled peptides MBP 85-99 

(SEQ ID NO: 1); #2 (SEQ ID NO: 85); #3 (SEQ ID NO: 91); and #5 (SEQ ID NO: 93). FIG. 

4B is a bar graph comparing the data obtained for these peptides at a concentration of 1.3 )iM, 

and shows that for peptides that are otherwise identical in sequence, hydrophobic residues at 

the PI position that are less bulky, such as valine (V) result in a peptide that is more inhibitory, 

compared to residues that are more bulky such as tyrosine (Y). FIG. 5A is a bar graph 

showing data obtained for inhibition of binding of biotinylated MBP 85-99 to HLA-DR2 

molecules peptides at a concentration of 1.3 \xM for each of unlabeled peptides MBP 85-99 

(SEQ ID NO: 1); #3 (SEQ ID NO: 91); #5 (SEQ ID NO: 93); #13 (SEQ ID NO: 98); and #14 

(SEQ ID NO: 99). FIG. 5B is a line graph that shows the inhibition of proliferation of HLA- 

DR2 restricted MBP 84-102-specific T cell transfectant 8073 as a function of the 

concentration of each of synthetic peptides: #3 (SEQ ID NO: 91); #5 (SEQ ID NO: 93); #13 

(SEQ ID NO: 98); and #14 (SEQ ID NO: 99). The data show that for peptides that are 

otherwise identical in sequence, substitution of an A residue at the P-3 position (peptide #13) 
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for a K residue (#3) confers a greater inhibitory activity, if the PI position residue is F; if the 
PI position residue is V, substitution of A at P-3 provides at least as great inhibitory activity 
compared to a reference peptide having a K residue at P-3. 

FIG. 6A is a line graph that shows the inhibition of biotinylated MBP 85-99 binding to 
HLA-DR2 molecules as a function of concentration of unlabeled synthetic peptides: #8 (SEQ 
ID NO: 96); and #9 (SEQ ID NO: 97). FIG. 6B is a line graph that shows the inhibition of 
proliferation of HLA-DR2 restricted MBP 84-102-specific T cell transfectant 8073 as a 
function of the concentration of each of synthetic peptides #8 (SEQ ID NO: 96); and #9 (SEQ 
ID NO: 97). The data show that phenylalanine (F) and tyrosine (Y) at the P4 position are 
equally effective with respect to inhibitory activity. 

FIG. 7 is a line graph that shows the inhibition of biotinylated MBP 85-99 binding to 
HLA-DR2 molecules as a function of concentration of each of the synthetic peptides: MBP 85- 
99 (SEQ ID NO: 1); #101 (designated #1 in the FIG., solid triangles; SEQ ID NO: 65); #5 
(SEQ ID NO: 93); and #14 (SEQ ID NO: 99). Peptides #5 and #14, having V at the PI 
position, Y and the P4 position, and either K or A at the P-3 position, are equally effective 
inhibitors. 

FIG. 8 is a line graph that shows the inhibition of proliferation of HLA-DR2 restricted 
MBP 84-102-specific T cell transfectant 8073 as a function of the concentration of each of 
synthetic peptides #1 (SEQ ID NO: 65); #5 (SEQ ID NO: 93); #9 (SEQ ID NO: 97); and #14 
(SEQ ID NO: 99). All synthetic peptides show better inhibitory activity than Cop 1 . 

Summary 

The invention in one embodiment features a composition comprising a peptide with an 
amino acid sequence having two tyrosine (Y) residues and a lysine (K) residue, such that in a 
complex of the peptide with an MHC class II HLA-DR2 protein involved in modulation of an 
immune response, the residues in the amino acid sequence corresponding to: (i) tyrosines 
located at PI and P4 positions; and (ii) lysine located at a P5 position which contacts a T cell 
receptor protein. A related embodiment features a peptide with an amino acid sequence having 
at least a tyrosine (Y) residue, a valine residue (V), and a lysine (K) residue, such that in a 
complex of the peptide with an MHC class II HLA-DR2 protein involved in modulation of an 
immune response, the residues in the amino acid sequence corresponding to: (i) valine located 
at a PI position; (ii) tyrosine located at a P4 position; and (iii) lysine located at a P5 position 
which contacts a T cell receptor. 
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The "PI" position in the peptide is named by analogy to the amino acid location in an 
immunodominant epitope for an MHC class II HLA-DR2 protein associated with MS, the 
MBP 85-99 peptide (SEQ ID NO: 1), in which a valine (V) at position 89 fits into the "PI" 
pocket in the groove or cleft of the protein in a complex formed between this peptide and 
protein, and this V is therefore identified as being located at a PI position. Other positions in 
the peptide are named based on the location relative to the PI position, i.e., a phenylalanine (F) 
at position 92 (further toward the carboxy terminus, or downstream from PI) of MBP is in the 
P4 position, and the amino acid adjacent to PI but further toward the amino terminus, or 
upstream, is referred to as being in the P-l (P minus one) position. 

In examples of the above embodiments, the sequence further comprises a lysine (K) 
residue at a P-l position; the sequence of the peptide further includes a plurality of alanine (A) 
residues at positions which are to the carboxy-terminal side of the lysine residue at P5. In 
further embodiments, the peptide is substantially pure; the peptide is synthetic. The 
composition comprises an additional therapeutic agent, for example, the additional therapeutic 
agent is selected from the group consisting of an interferon and a random heteropolymer of 
amino acids. 

The invention in another embodiment provides a composition comprising a synthetic 
peptide, wherein the peptide has an amino acid sequence having a greater inhibitory activity 
for binding to the antigen binding groove of an MHC class II HLA-DR2 protein associated 
with multiple sclerosis, than a reference material selected from the group of: an 
immunodominant epitope from myelin basic protein (MBP), the epitope comprising MBP 
residues 85-99 ENPWHFFKNIVTPR as shown in SEQ ID NO: 1; and a randomly 
polymerized amino acid heteropolymer having amino acids, tyrosine, alanine, glutamic acid, 
and lysine (Copaxone®), the composition further capable of inhibiting proliferation of an 
MBP-specific T cell. 

For example, the greater inhibitory activity of the peptide than the reference material is 
at least 10%; or is at least 20%. Further, the peptide is about 5 to about 100 amino acids in 
length; for example, the peptide is about 5 to about 25 amino acids in length; for example, the 
peptide is about 5 to about 1 5 amino acids in length. In certain embodiments, the peptide 
further comprises at least one non-naturally occurring amino acid, in a location in the sequence 
and in an amount sufficient to inhibit proteolytic degradation of the peptide in a subject, in 
comparison with a peptide identical in sequence and consisting of naturally occurring amino 
acid residues. Alternatively, the peptide comprises at least one non-naturally occurring amino 
acid, in a location in the sequence and in an amount sufficient to increase the affinity for the 
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antigen binding groove of the MHC class II HLA-DR2 protein, in comparison with a peptide 
identical in sequence and consisting of naturally occurring amino acid residues. The at least 
one non-naturally occurring amino acid is the presence of at least one D-amino acid within 
four residues of at least one of the carboxy-terminal and amino-terminal. 

In further embodiments, the composition comprises a plurality of copies of the peptide 
as a monomer unit of an oligomer, each monomer unit being joined by a flexible linker. For 
example, the oligomer is a homo-oligomer. Alternatively, the oligomer is a hetero-oligomer. 
The peptide can further comprise the presence in the sequence of at least one proline residue. 
Further, the at least one proline residue is present proximal to at least one of carboxy- and 
amino-termini of the sequence, i.e., the at least one proline is at a position within at most four 
residues of at least one of carboxy and amino termini. 

The peptide can further comprise at least one non-peptide bond. The non-peptide bond 
is selected from the group consisting of a peptide nucleic acid bond and a phosphorothioate 
bond. 

The non-naturally occurring amino acid can be a substitution of at least one alanine (A) in the 
sequence with a peptidomimetic compound selected from the group consisting of: Tic, which 
is tetrahydroisoquinoline-(S)-3-carboxylic acid); Thiq, which is tetrahydroisoquinoline-(S)-l- 
carboxylic acid); Disc, which is (dihydroisoindole-(S)-2-carboxylic acid); C(Acm),which is 
acetamido-methyl-Cys; C(Prm), which is propylamidomethyl-Cys; C(Ace), which is acetyl- 
Cys; MePhg, which is methylphenyl-Gly; and Nva, which is norvaline. The amino acid 
modification is N-methylation of a peptide backbone nitrogen. 

The invention in another embodiment features a composition comprising a synthetic 
peptide having an amino acid sequence selected from the group consisting of: 

AAEAYKAYKAAAAAA (SEQ ID NO: 60), 

EAAAYKAYKAAAAAA (SEQ ID NO: 63), 

EAAKYEAYKAAAAAA (SEQ ID NO: 64), 

EKAKYEAYKAAAAAA (SEQ ID NO: 65), 

EAKKYEAYKAAAAAA (SEQ ID NO: 66), 

AKKEYAEYKAAAAAA (SEQ ID NO: 67), 

EAPAYKAYKAAAAPA (SEQ ID NO: 83), 

EAPKYEAYKAAAAPA (SEQ ID NO: 84), 

EKPKYEAYKAAAAPA (SEQ ID NO: 85), 

EAPKYEAYKAAAAPA (SEQ ID NO: 86), 

AKPEYAEYKAAAAPA (SEQ ID NO: 87), 
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APEKAKYEAYKAAAAAA (SEQ ID NO: 88), 
APEKAKYEAYKAAAAAAPA (SEQ ID NO: 89), 
EKAKYEAYKAAAAAAPA (SEQ ID NO: 90), 
EKPKFEAYKAAAAPA (SEQ ID NO: 91), 
EKAKYEAYKAAAAAA (SEQ ID NO: 92), 
EKPKVEAYKAAAAPA (SEQ ID NO: 93), 
EKPKEEAFKAAAAPA (SEQ ID NO: 94), 
EKAKFEAFKAAAAAA (SEQ ID NO: 95), 
APEKAKFEAFKAAAAPA (SEQ ID NO: 96), 
APEKAKFEAYKAAAAPA (SEQ ID NO: 97), 
EAPKFEAYKAAAAPA (SEQ ID NO: 98), and 
EAPKVEAYKAAAAPA (SEQ ID NO: 99). 

Further, the peptide is substantially pure. The above selected peptide can further 
comprise substitution of an alanine (A) or lysine (K) at position P4 by an amino acid selected 
from the group consisting of tyrosine (Y), phenylalanine (F), methionine (M), valine (V), 
isoleucine (I) and leucine (L). The above selected peptide can further comprise substitution of 
a tyrosine (Y) in the PI position by an amino acid selected from the group consisting of 
phenylalanine (F), methionine (M), valine (V), isoleucine (I) and leucine (L). The above 
selected peptide can further comprise 

substitution of a tyrosine (Y) in the PI position by a valine (V). In a related embodiment, the 
above peptide comprises an oligomer having a plurality of monomer units having the amino 
acid sequence of the synthetic peptide, the units joined by a flexible linker. 

The invention in another embodiment features a method for obtaining a synthetic 
peptide which is an inhibitor of binding of an MS associated MHC class II protein to an 
immunodominant epitope, the peptide being a potential therapeutic agent for multiple sclerosis, 
comprising: 

designing a plurality of peptide sequences, wherein each peptide comprises a sequence 
of amino acids having a charge, size, and order within the sequence such that the peptide is 
capable of occupying features of an antigen binding site of an MHC class II protein associated 
with multiple sclerosis (MS); 

assaying each of the plurality of peptides for affinity for the MHC class II protein, by 
determining the concentration of the peptide able to inhibit an extent of binding of a reference 
compound to the MHC class II protein associated with multiple sclerosis; and 
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comparing the affinity of each of the plurality of peptides to the MHC class II protein 
associated with multiple sclerosis, wherein a lower concentration of peptide able to inhibit the 
extent of binding indicates a greater affinity of the peptide for the protein and a greater 
therapeutic potential. 

The invention features a related method for obtaining a synthetic peptide, comprising: 

designing a plurality of peptide sequences, wherein each peptide comprises a sequence 
of amino acids having a charge, size, and order within the sequence such that the peptide is 
capable of occupying features of an antigen binding site of an MHC class II protein associated 
with multiple sclerosis (MS); 

assaying each of the plurality of peptides for affinity for the MHC class II protein, by 
determining for a standard amount of the peptide the extent of inhibition of binding of of a 
reference compound to the MHC class II protein; and 

comparing the affinity of each of the plurality of peptides to the MHC class II protein 
associated with multiple sclerosis, wherein a greater extent of peptide inhibition of binding 
indicates a greater affinity of the peptide for the protein and a greater therapeutic potential. 

In related embodiments of these methods, the reference compound is selected from a 
group consisting of Copaxone® and a peptide comprising a sequence of amino acids at 
positions 85-99 of myelin basic protein (MBP) as shown in SEQ ID NO: 1 . The methods can 
further comprise: measuring an ability of each of the plurality of peptides to inhibit 
presentation of the reference compound to HLA restricted T cells. The methods can further 
comprise designing a plurality of peptide sequences having a charge, a size, and an order 
within the sequence, by choosing amino acids to occupy positions in the sequence of that 
peptide capable of contacting the antigen binding PI and P4 pockets of the MHC class II 
protein associated with MS, corresponding to locations in the MBP 85-99 peptide amino acid 
sequence at residues 89 and 92, respectively. For example, the methods comprise selecting the 
amino acids contacting the PI and P4 pockets from the group consisting of hydrophobic amino 
acids; for example, the hydrophobic amino acids are selected from the group consisting of a 
tyrosine (Y), a valine (V), a phenylalanine (F), a methionine (M), an isoleucine (I), and a 
leucine (L). The hydrophobic amino acids contacting the P4 pocket are selected from the group 
consisting of a tyrosine (Y) and a phenylalanine (F). In one example, the amino acid contacting 
the PI pocket is valine (V). Further, the amino acid in the P5 position is a lysine (K). In 
comparing the affinity of each of the plurality of peptides, the method further comprises 
providing a reference compound having a detectable modification. For example, the 
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modification is selected from the group of compounds which are radioactive, antigenic, 
biotinylated, fluorescent, photometric, and have a high affinity for an immobilized ligand. 

A further embodiment of the method is determining the concentration of the peptide 
able to inhibit an extent of binding of the test compound to the MHC class II protein associated 
with multiple sclerosis, the method further comprises measuring an amount of proliferation of 
a DR2-restricted cell line of T cells exposed to the complex of the peptide with the MHC class 
II protein. 

Thus measuring the amount of proliferation further comprises determining an amount of IL-2 

secretion by the T cells. Further, determining the amount of IL-2 secretion further comprises 

assaying culture fluid of the T cells for ability to support growth of IL-2 dependent cytotoxic 

T-cell interleukin-dependent lymphocytes (CTLL). In this assay, the lower the amount of IL-2 

secretion, the greater the extent the peptide is able to inhibit proliferation of the T cells. 

Another feature of the invention provides a method of treating a subject having a 

demyelinating condition, comprising: providing to the subject a composition capable of 

inhibiting binding of myelin basis protein (MBP) peptide to purified recombinant MHC class 

II DR2 molecules, wherein the composition is a peptide that comprises an amino acid sequence 

selected from the group consisting of: AAEAYKAYKAAAAAA (SEQ ID NO: 60), 

EAAAYKAYKAAAAAA (SEQ ID NO: 63), EAAKYEAYKAAAAAA (SEQ ID NO: 64), 

EKAKYEAYKAAAAAA (SEQ ID NO: 65), EAKKYEAYKAAAAAA (SEQ ID NO: 66), 

AKKEYAEYKAAAAAA (SEQ ID NO: 67), EAPAYKAYKAAAAPA (SEQ ID NO: 83), 

EAPKYEAYKAAAAPA (SEQ ID NO: 84), EAPKYEAYKAAAAPA (SEQ ID NO: 86), 

AKPEYAEYKAAAAPA (SEQ ID NO: 87), APEKAKYEAYKAAAAAA (SEQ ID NO: 88), 

APEKAKYEAYKAAAAAAPA (SEQ ID NO: 89), EKAKYEAYKAAAAAAPA (SEQ ID 

NO: 90), EKPKFEAYKAAAAPA (SEQ ID NO: 91), EKPKVEAYKAAAAPA (SEQ ID 

NO: 93), EKAKFEAFKAAAAAA (SEQ ID NO: 95), APEKAKFEAFKAAAAPA (SEQ ID 

NO: 96), and APEKAKFEAYKAAAAPA (SEQ ID NO: 97), wherein the subject having a 

demyelinating condition is treated. The demyelinating condition is selected from the group 

consisting of a post-viral encephalomyelitis, a post-vaccine demyelinating condition, a 

multiple sclerosis, and a side effect of administering an anti-TNF agent. The MBP peptide 

comprises MBP residues 85-99 as shown in SEQ ID NO: 1 . In a related embodiment, the 

peptide further inhibits proliferation of autoantigen-specific HLA-DR2 -restricted T cell clones. 

In yet another related embodiment, the amino acid sequence of the peptide selected above 

further comprises at least one amino acid analog substituted for an amino acid. Alternatively, 

the amino acid sequence of the peptide comprises at least one peptide bond analog. 
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The method further comprises formulating the composition in a pharmaceutical^ 
acceptable carrier. The method further comprises formulating the composition as a unit dose. 
In these methods, the MHC class II DR2 molecules are of a genotype associated with multiple 
sclerosis. For example, the MHC class II DR2 molecules are selected from the group 
consisting ofDRBl*1501 and DRB1*1602. 

Another featured embodiment of the invention herein is a kit comprising at least one 
container having a peptide capable of inhibiting binding of an immunodominant epitope of 
myelin basic protein to an MHC class II DR2 protein, and instructions for use. The peptide 
can be substantially pure. Further, the kit comprises a peptide in a pharmaceutically acceptable 
buffer, and instructions for use. 

Detailed Description of Specific Embodiments 

Definitions 

Unless the context otherwise requires, as used in this description and in the following 
claims, the terms below shall have the meanings as set forth: 

The term "autoimmune condition" means a disease state caused by an inappropriate 
immune response that is directed to a self-encoded entity which is known as an autoantigen. 

The term "demyelinating condition" includes a disease state in which a portion of the 
myelin sheath, consisting of plasma membrane wrapped around the elongated portion of the 
nerve cell, is removed by degradation. A demyelinating condition can arise post- vaccination, 
post-anti TNF treatment, post- viral infection, and in MS. 

Symptoms of MS include weakness, spasticity, fatigue, numbness, pain, ataxia, tremor, 
depression, speech, vision and cognitive disturbances, dizziness, and bladder, bowel and sexual 
dysfunction. MS can be episodic, each episode followed by a period of remission, with 
symptoms worsening in each episode (remitting-relapsing), culminating in death. 

The term "anergy" means unresponsiveness of the immune system of a subject to an 
antigen. 

The term "subject" means a mammal, preferably a human. The term "patient" refers to 
a human having an autoimmune disease such as a demyelinating condition, such as MS. 

The phrases "amino acid" and "amino acid sequence" can include one or more 
components which are amino acid derivatives and/or amino acid analogs comprising part or the 
entirety of the residues for any one or more of the 20 naturally occurring amino acids indicated 
by that sequence. For example in an amino acid sequence having one or more tyrosine 
residues, a portion of one or more of those residues can be substituted with homotyrosine. 

9 
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Further, an amino acid sequence having one or more non-peptide or peptidomimetic bonds 
between two adjacent residues, is included within this definition. 

The term "hydrophobic" amino acid means aliphatic amino acids alanine (A or ala), 
glycine (G or gly), isoleucine (I or ile), leucine (L or leu), methionine (M or Met), proline (P or 
pro), and valine (V or val), the terms in parentheses being the one letter and three letter 
standard code abbreviations for each amino acid, and aromatic amino acids tryptophan (W or 
trp), phenylalanine (F or phe), and tyrosine (Y or tyr). These amino acids confer 
hydrophobicity as a function of the length of aliphatic and size of aromatic side chains, when 
found as residues within a protein. 

The term "charged" amino acid means amino acids aspartic acid (D or asp), glutamic 
acid (E or glu), histidine (H or his), arginine (R or arg) and lysine (K or lys), which confer a 
positive (his, lys, and arg) or negative (asp, gly) charge at physiological values of pH in 
aqueous solutions on proteins containing these residues. 

The term "derivative" of an amino acid means a non-naturally occurring chemically 
related form of that amino acid having an additional substituent, for example, an N- 
carboxyanhydride group, a y-benzyl group, an e,N-trifluoroacetyl group, or a halide group 
attached to an atom of the amino acid. 

The term "analog" means a non-naturally occurring non-identical but chemically 
related form of the reference amino acid. For example, the analog can have a different steric 
configuration, such as an isomer of an amino acid having a D-configuration rather than an re- 
configuration, or an organic molecule with the approximate size and shape of the amino acid, 
or an amino acid with modification to the atoms that are involved in the peptide bond, so as to 
be protease resistant when polymerized in the context of a peptide or polypeptide. 

Purified MHC class II HLA-DR2 protein is used as a basis herein to design and to 
identify peptide compositions having potential therapeutic activity, as determined by binding 
in competition with a test compound that is a peptide having the amino acid sequence of 
myelin basic protein (MBP) residues 85-99, or with a test compound that is Cop 1 
(Copaxone®). 

The term "heterologous cell" refers to an unrelated recombinant cell for expression of a 

gene encoding one or more subunits of an MHC protein of a mammal, for example, a human. 

The heterologous cell is preferably not mammalian, more preferably the heterologous cell is 

not from a warm blooded animal, even more preferably the heterologous cell is not from a 

vertebrate animal. In a preferred embodiment the heterologous cell is an insect cell such as an 

Sf8 cell, or a cell of a microorganism such as a yeast cell (e.g., a cell of a species of 
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Saccharomyces or a species of Pichid). Following expression and production of MHC protein 
in a heterologous cell, the protein is free of any epitopes found in a mammal such as a human. 
Because the MHC protein is in an uncomplexed "empty" form, it is available for binding to the 
synthetic peptides of the present invention. 

The term "surfaces of MHC class II HLA-DR2 protein" includes the portions of the 
protein molecule in its 3-dimensional configuration which are in contact with its external 
environment. For example, the surfaces include amino acid residues found in features of the 
protein that interact with aqueous solvent and are capable of binding to other cell components 
such as nucleic acids, other proteins, and peptides. 

The terms "PI pocket" and "P4 pocket" refer to regions of the epitope binding cleft 
formed at the intersection of the a and P sunits, in the three dimensional polymorphic region of 
the peptide binding surface of the MHC class II protein molecule that accommodates amino 
acid residue side chains from a peptide that is bound to the MHC class II protein (Fridkis- 
Hareli, M.. et. al., Human Immunol. 61 :640 (2000)). The peptide that bind include a naturally 
occurring antigen or epitope, and a bound synthetic peptide. A reference peptide for the MHC 
class II DR-2 molecules herein is MBP 85-99 having the sequence ENPWHFFKNIVTPR 
(SEQ ID NO: 1; Table 1; FIG. 3B). In a complex of the 15-mer peptide MBP 85-99 with 
MHC class II protein, the V at position 89 of MBP 85-99 is located in the PI pocket of MHC 
class II Dr-2 protein. In a complex of the MHC class II protein with another peptide, an amino 
acid residue in the sequence of the peptide having this property is referred to herein as being 
located in the "PI position" of that peptide. In a complex of the 15-mer peptide MBP 85-99 
with MHC class II protein, the F at position 93 MBP 85-99 is similarly located in the P4 
pocket. In a complex of the MHC class II protein with another peptide, an amino acid residue 
in the sequence of the peptide having this property is referred to herein as being located in the 
"P4" position of that peptide. 

The terms "P-l position" (i.e., the "P minus 1" position, referring to the amino acid 

residue adjacent to the amino acid residue at the PI position) and "P5 position" refer 

functionally to amino acid residues in the peptide which is capable of binding to a MHC class 

II protein molecule to form a complex, and which directly contact the T-cell receptor (Fridkis- 

Hareli, M. et. al., Human Immunol. 61 :640 (2000)). Structurally, the P-l position refers to the 

amino acid which is adjacent to, and to the N-terminus side of, the amino acid PI position, i.e., 

the PI position being occupied by an amino acid residue in the peptide sequence that occupies 

the PI pocket. Similarly, the P-2 position ("P minus 2"), P-3 positions, etc. refer respectively 

to amino acids located in the peptide sequence which are adjacent to, and to the N-terminus 
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side of, the amino acid residues of the peptide that is the P-l position, P-2 position, 
respectively. The P5 position refers to the amino acid residue that is adjacent to, and to the C- 
terminus side of, the amino acid residue in the P4 position. 

The term "antigen binding groove" refers to a three dimensional antigen interactive site 
on the surface of the MHC class II protein molecule (Stern, L.J. et. al., Nature 368:215 (1994)) 
that is formed by surfaces of both the a and P subunits of the MHC protein molecule. 

The term "oligomer"includes a series of a plurality of peptide units, covalently, linked 
for example, by peptide bonds. The term "homo-oligomer" includes an oligomer in which the 
sequence unit that is repeated is identical in all units. The term "hetero-oligomer" includes an 
oligomer in which the peptide units that are repeated are not identical in amino acid sequence. 
The term "flexible molecular linker" includes linkers that have backbone lengths of about 50- 
80 A, extending to 540 A, to 750 A, or greater. If composed of amino acids residues, the linker 
may contain 10-20 residues, 20-50 residues, or 50-125 residues. The linkers can also be 
composed of components other than amino acids, for example, the linkers can comprise a 
polymer or a copolymer of organic acids, aldehydes, alcohols, thiols, and/or amines; polymers 
or copolymers of hydroxy-, amino, and/or di-carboxylic acids; a polymer or a copolymer of 
saturated or unsaturated hydrocarbons; a polymer or a copolymer of naturally and non- 
naturally occurring amino acids. The linkers are described in PCT/US97/13885 (February 
12,1998), which is hereby incorporated herein by reference. 

The term "substantially pure" as refers to a composition herein means that the material 
of the composition is primarily composed of the composition, and is largely free of other 
chemical materials. In various aspects, the composition is at least 85% pure, at least 90% pure, 
at least 95% pure, at least 98% pure, or at least 99% pure. Purity can be assessed on the basis 
of weight, which can be determined by areas under a curve from a printout of an analytical 
instrument such as a gel reader, a chromatography column including gas chromatography, and 
other devices for purification known to those of skill in the biochemical arts. 

While the peptides herein are referred to as "synthetic", for multiple reasons such as 
cost, the ease of preparation, ability to introduce non-naturally occurring amino acids and non- 
peptidic bonds, and high state of purity of materials produced by peptide synthesis, it is also 
possible to synthesize the materials herein by expression of a nucleic acid encoding the 
peptide, particularly for longer forms such as oligomers and polymers. Such recombinantly 
produced peptides, oligomers and polymers can be readily prepared by one of ordinary skill in 
the recombinant genetic arts, and are within the embodiments of the present invention. 
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Autoimmune diseases 

An autoimmune disease results when a host's immune response fails to distinguish 
foreign antigens from self molecules (autoantigens) thereby eliciting an aberrant immune 
response. The immune response towards self molecules results in a deviation from the normal 
state of self-tolerance, which arises when the production of T cells and B cells capable of 
reacting against autoantigens has been prevented by events that occur in the development of 
the immune system early in life. The cell surface proteins that play a central role in regulation 
of immune responses through their ability to bind and present processed peptides to T cells are 
the major histocompatibility complex (MHC) molecules (Rothbard, J.B. et al., Annu. Rev. 
Immunol. 9:527 (1991)). 

A number of therapeutic agents have been developed to treat autoimmune diseases. 
For example, agents have been developed that can prevent formation of low molecular weight 
inflammatory compounds by inhibiting a cyclooxygenase. Also, agents are available that can 
function by inhibiting a protein mediator of inflammation by sequestering the inflammatory 
protein tumor necrosis factor (TNF) with an anti-TNF specific monoclonal, antibody fragment, 
or with a soluble form of the TNF receptor. Finally, agents are available that target and inhibit 
the function of a protein on the surface of a T cell (the CD4 receptor or the cell adhesion 
receptor ICAM-1) thereby preventing interaction with an antigen presenting cell (APC). 
However, compositions which are natural folded proteins as therapeutic agents can incur 
problems in production, formulation, storage, and delivery. Further, natural proteins can be 
contaminated with pathogenic agents such as viruses and prions. 

An additional target for inhibition of an autoimmune response is the set of lymphocyte 
surface proteins represented by the MHC molecules. Specifically, these proteins are encoded 
by the MHC class II genes designated as HLA (human leukocyte antigen) -DR, -DQ and -DP. 
Each of the MHC genes is found in a large number of alternative or allelic forms within a 
mammalian population. The genomes of subjects affected with certain autoimmune diseases, 
for example, MS and rheumatoid arthritis (RA), are more likely to carry one or more 
characteristic MHC class II alleles, to which that disease is linked. 

A potential source of agents for treatment of MS and other demyelinating conditions is 

to identify peptides that bind selectively in vitro to a purified MHC class II allele protein 

molecule, particularly to a protein which is a product of an MHC class II allele associated with 

demyelinating conditions. In addition, the agent should bind to that protein as it occurs on the 

surfaces of antigen presenting cells in vivo, and thereby block, anergize, or inactivate the class 

of T cells that are responsible for the demyelinating conditions, such as MS. 

13 



WO 02/059143 PCT/US02/02071 

Major candidates for target antigens in MS include myelin basic protein (MBP), 
proteolipid protein (PLP), and myelin oligodendrocyte glycoprotein (MOG). T cells reactive 
with these antigens have been found both in normal blood (Wucherpfennig K.W. et al., J. 
Immunol. 150:5581 (1994); Steinman L. et al., Mol. Med. Today 1:79 (1995)) and in MS 
patients (Wucherpfennig K.W. et al., Immunol. Today 12:227 (1991); Marcovic-Plese S. et 
al., J. Immunol. 155:982(1995); Correale J. et al., Neurology 45:1370 (1995); Kerlero de 
Rosbo N. et al., Eur. J. Immunol. 27:3059 (1997); Tsuchida T. et al., Proc. Natl. Acad. Sci. 
U.S.A. 91:10859 (1994)), suggesting that autoreactive T cells may be involved in the 
pathogenesis of the disease, such that these cells once activated can penetrate the blood-brain 
barrier. Microbial agents have been suggested to provide potential stimuli for induction of MS 
by immunological cross-reaction with MBP (Wucherpfennig K.W. et al., Cell 80:695 (1995); 
Brocke S. et al., Nature 365:642 (1993)). 

Studies indicate that MBP is an important target antigen in the immunopathogenesis of 
MS. MBP- specific T cells have been shown to be clonally expanded in MS patients and in an 
in vivo activated state (Wucherpfennig K.W., et al., J. Immunol. 150:5581 (1994); Allegretta 
M. et al., Science 247:718 (1990); Ota K. et al., Nature 346:183 (1990); Zhang J. et al., J. 
Exp. Med. 179:973 (1994)). Reactivity with the immunodominant MBP 84-102 peptide is 
found predominantly in subjects carrying HLA-DR2, a genetic marker for susceptibility to MS. 
Structural characterization of MBP 84-102 identified residues critical for MHC class II binding 
and for TCR recognition (Wucherpfennig K.W. et al., J. Exp. Med. 179:279 (1994)), which 
have been recently confirmed by the crystal structure of HLA-DR2 complexed with MBP 85- 
99 peptide (Smith KJ. et al., J. Exp. Med. 19:151 1 (1998)). 

An agent that interacts with and binds promiscuously to several MHC class II 
molecules is Copolymer 1 (Cop 1; YEAK; Copaxone®). This synthetic amino acid 
heteropolymer is capable of suppressing experimental allergic encephalomyelitis (EAE; Sela, 
M. et al., Bull. Inst. Pasteur (Paris) (1990)), a condition which can be induced in the mouse and 
is a model for MS. Cop 1, the random heteropolymer of amino acids known as 
poly(Y,E,A,K), indicated using the one letter amino acid code (Y is tyrosine, E is glutamic 
acid, A is alanine, and K is lysine) is a therapeutic agent for MS, but does not suppress the 
disease entirely (Bornstein, M. B. et al., N. Engl. J. Med. 317:408 (1987); Johnson, K.P. et al., 
Neurology 45:1268 (1995)). 

Cop 1 binds to purified human HLA-DR molecules within the peptide binding groove 

and inhibits the binding of a high affinity epitope of influenza virus HA 306-318, to both HLA- 

DR1 (DRB1*0101) and -DR4 (DRB 1*0401) molecules, and the binding of MBP 84-102, a 
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human immunodominant epitope of MBP, to HLA-DR2 (DRB1*1501) molecules (Fridkis- 
Hareli M, et al., J Immunol 160:4386-4397, 1998). Copolymers composed of only three amino 
acids (for exampke, EAK, YEA, YAK and YEK) also bind to purified HLA-DR1, -DR2 and - 
DR4 molecules (Fridkis-Hareli M, et al. Int Immunol 1 1 :635, 1999; PCT/US99/16,617). 
Moreover, these three amino acid copolymers compete with CII 261-273 for binding to RA- 
associated HLA-DR1 (DRB1*0101) and -DR4 (DRB1*0401) molecules, and also inhibited 
Cll-reactive T cell clones (Fridkis-Hareli M, et al. Proc Natl Acad Sci USA 95: 12528, 1998); 
PCT/US99/16617 and PCT/US99/16747. 

The bound fraction of Cop 1 , treated with aminopeptidase I, has been isolated from 
recombinant "empty" HLA-DR molecules produced in insect cells, and has been sequenced. 
The Cop 1 binding motif for HLA-DR2 showed increases in levels of E at the first and second 
cycles, of K at the second and third cycles, and of Y and A (presumably at PI of the bound 
peptide) at the third to fifth cycle. No preference was seen at the following cycles which were 
mainly A (Fridkis-Hareli M, et al. J Immunol 162:4697, 1999; PCT/US99/16,617). Recently, 
the characterization of the active component(s) of the mixture of random polypeptides was 
attempted by synthesis of a set of peptides based on Cop 1 binding properties to HLA-DR1 and 
-DR4 molecules (Fridkis-Hareli M, et al. Human Immunol 61 : 640, 2000); PCT/US99/16,617. 
Several peptides inhibited binding of CII 261-273 epitope to DRB 1*0101 and -DR4 
DRB 1*0401 molecules and inhibited presentation of this epitope to Cll-reactive DR1- and 
DR4-restricted T cell clones (Fridkis-Hareli M, et al. Human Immunol 61 : 640, 2000). 

Demyelinating conditions have been found to occur post-viral infection, post- 
vaccination, post-encephalomyelitis (Wucherpfennig K.W. et al., Immunol. Today 12:277-282 
(1991)) and following administration of certain anti-TNF agents (FDA Talk Paper, Food and 
Drug Administration Public Health Service, Rockville, MD, 
http://www.fda.gov/bbs/topics/ANSWERS/ANSD0954.html). 

Many derivatives of synthetic peptides having increased pharmacological life in 

vivo have been synthesized. The loading of MHC class II binding sites occurs in endosomal 

compartments abundant with proteases, particularly cathepsins. Peptides may be digested also 

by amino- or carboxy- peptidases in serum or other biological fluids. Therefore, proteolysis of 

the peptides may effectively remove the peptides from the subject (Bennett, K., et al., 1992, 

Eur. J. Immunol. 22: 1519). To reduce or eliminate potential proteolysis, modification of the 

peptides, for example, N- methylation of backbone nitrogens in the peptides, which are not 

involved in essential hydrogen bonding interactions, could produce a peptide derivative that is 

resistant to proteolysis (Falconi, F., et al., 1999, Nature Biotechnology 17:562). In Falconi et 
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al., N-methylation of a hemagglutinin (HA) peptide to produce a modified peptide derivative 
yielded a compound that was substantially less sensitive to digestion by cathepsin B. The 
resulting protease resistant peptide was also a substantially better inhibitor of presentation by 
MHC class II DR proteins to T-cell clones, compared to the original HA peptide. 

In another embodiment, the invention provides derivatives of synthetic peptides having 
a chemical alteration in one or both of the peptide backbone or the amino acid side chains. 
These derivatives can have increased binding affinity to the MHC class II DR1 protein, result 
in increased inhibitory activity and/or resistance to proteolysis. This phenomenon was 
observed when a peptidomimetic compound was designed to replace a native hemagglutinin 
(HA) peptide in binding to an MHC class II DR1 protein (Falconi, F., et al., 1999, Nature 
Biotechnology 17:562).The designed peptide was comprised of suitable amino acid mimetic 
compounds for each of several particular amino acids. In one example, alanine (A) was 
substituted with one or more conformationally restricted aromatic compounds, Tic, which is 
tetrahydroisoquinoline-(S)-3-carboxylic acid), Thiq, which is tetrahydroisoquinoline-(S)-l- 
carboxylic acid), and Disc, which is (dihydroisoindole-(S)-2-carboxylic acid), and the blocked 
Cys compounds C(Acm),which is acetamido-methyl-Cys, C(Prm), which is 
propylamidomethyl-Cys, and C(Ace), which is acetyl-Cys. Furthermore, MePhg, which is 
methylphenyl-Gly, and Nva, which is norvaline, provided increased binding affinity. 
Substitution by some of the peptidomimetics resulted in improved inhibition of the immune 
response. 

In various embodiments of the present invention, a series of peptides are designed 
having a sequence comprising amino acids tyrosine (Y), glutamic acid (E), alanine (A), and 
lysine (K), and further having replacements of Y with other hydrophobic residues, K with 
uncharged residues, and alanine (A) with prolines near the termini of the peptides. These 
additional peptides are tested for MHC class II HLA-DR2 binding by extent of inhibition of a 
labeled reference molecule having known affinity for HLA-DR2, and inhibition activity of 
presentation to T cells. Peptides are thereby obtained that show as least as great or increased 
binding affinity as the unmodified synthetic peptide, as well as an increased potency in 
inhibiting T-cell responses to processed protein antigens presented by the targeted MHC 
molecule. 
Methods and uses 

The therapeutic compounds of the invention can be used to treat symptoms of 
multiple sclerosis, an MS demyelinating condition marked by patches or hardened tissue in the 
brain or the spinal cord; and other demyelinating conditions. Therapeutic compounds of the 
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invention, while characterized by binding to MHC class II HLA-DR2 molecules, may have 
increased affinity for MHC class II molecules associated with additional autoimmune diseases. 

A pharmaceutical^ acceptable carrier includes any and all solvents, dispersion media, 
coatings, antimicrobials such as antibacterial and antifungal agents, isotonic and absorption 
delaying agents and the like that are physiologically compatible. Preferably, the carrier is 
suitable for intravenous, intramuscular, oral, intraperitoneal, transdermal, or subcutaneous 
administration. The active compound can be coated in a material to protect it from inactivation 
by the action of acids or other adverse natural conditions. 

A composition of the present invention can be administered by a variety of methods 
known in the art as will be appreciated by the skilled artisan. Copaxone®, for example, is 
supplied as an acetate form, and is reconstituted in aqueous solution and administered to an 
MS patient subcutaneously. The peptides herein can be similarly formulated and delivered. 
The peptide and any additional active compound as described herein to be administered in 
combination with the peptides can further be prepared with carriers that will protect it against 
rapid release, such as a controlled release formulation, including implants, transdermal patches, 
micro-encapsulated delivery systems. Many methods for the preparation of such formulations 
are patented and are generally known to those skilled in the art. See, e.g., Sustained and 
Controlled Release Drug Delivery Systems, J.R. Robinson, Ed. Marcel Dekker, Inc., NY 
(1978). 

Therapeutic compositions for delivery in a pharmaceutically acceptable carrier are 
sterile, and are preferably stable under the conditions of manufacture and storage. The 
composition can be formulated as a solution, microemulsion, liposome, or other ordered 
structure suitable to high drug concentration. Dosage regimens can be adjusted to provide the 
optimum desired response (e.g., a therapeutic response). For example, a single bolus can be 
administered, several divided doses can be administered over time, or the dose can be 
proportionally reduced or increased as indicated by the exigencies of the disease situation. 

In general, a preferred embodiment of the invention is to administer a suitable daily 
dose of a therapeutic synthetic peptide composition that will be the lowest effective dose to 
produce a therapeutic effect, for example, mitigation of symptoms. The therapeutic peptide 
compounds of the invention are preferably administered at a dose per subject per day of at least 
2 mg, at least 5 mg, at least 10 mg or at least 20 mg as appropriate minimal starting dosages. 
In general, the compound of the effective dose of the composition of the invention can be 
administered in the range of 50 to 400 micrograms of the compound per kilogram of the 
subject per day. 
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A physician or veterinarian having ordinary skill in the art can readily determine and 
prescribe the effective dose of the pharmaceutical composition required. For example, the 
physician or veterinarian could start doses of the compound of the invention employed in the 
pharmaceutical composition at a level lower than that required in order to achieve the desired 
therapeutic effect, and increase the dosage with time until the desired effect is achieved. 

A desired therapeutic effect can be determined by increased periods of remission of 
MS, such that fewer episodes of relapse per unit time are noted. Another desired therapeutic 
effect can be remission in symptoms such as pain, dizziness, fatigue, visual and cognitive 
disturbances as noted herein. Remissions of symptoms can be self-reported by the patient, or 
can be quantitatively detected by standard measurements of sensory and cognitive abilities, 
known to practitioners in the art of treating autoimmune conditions such as demyelinating 
conditions. 

In another preferred embodiment, the pharmaceutical composition includes also an 
additional therapeutic agent. Thus in a method of the invention, the pharmaceutical 
composition can be administered as part of a combination therapy, i.e. in combination with an 
additional agent or agents. Examples of materials that can be used as combination therapeutics 
with the peptides for treatment of autoimmune disease and demyelinating conditions as 
additional therapeutic agents include: an antibody or an antibody fragment that can bind 
specifically to an inflammatory molecule or an unwanted cytokine such as interleukin-6, 
interleukin-8, granulocyte macrophage colony stimulating factor, and tumor necrosis factor-a; 
an enzyme inhibitor which can be a protein, such as a i -antitrypsin, or aprotinin; an enzyme 
inhibitor which can be a cyclooxygenase inhibitor; an engineered binding protein, for example, 
an engineered protein that is a protease inhibitor such an engineered inhibitor of kallikrein; an 
antibacterial agent, which can be an antibiotic such as amoxicillin, rifampicin, erythromycin; 
an antiviral agent, which can be a low molecular weight chemical, such as acyclovir; a steroid, 
for example a corticosteroid, or a sex steroid such as progesterone; a non-steroidal anti- 
inflammatory agent such as aspirin, ibuprofen, or acetaminophen; an anti-cancer agent such as 
methotrexate or adriamycin; or a cytokine. 

An additional therapeutic agent can be a cytokine, which as used herein includes 

without limitation agents which are naturally occurring proteins or variants and which 

function as growth factors, lymphokines, interferons such as P-interferon, tumor necrosis 

factors, angiogenic or antiangiogenic factors, erythropoietins, thrombopoietins, interleukins, 

maturation factors, chemotactic proteins, or the like. Preferred combination therapeutic agents 

to be used with the composition of the invention and are p-interferon and/or Copaxone®. A 
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therapeutic agent to be used with the composition of the invention can be an engineered 
binding protein, known to one of skill in the art of remodeling a protein that is covalently 
attached to a virion coat protein by virtue of genetic fusion (Ladner, R. et al., U.S. Patent No. 
5,233,409; Ladner, R. et al., U.S. Patent No. 5,403,484), and can be made according to 
methods known in the art. A protein that binds any of a variety of other targets can be 
engineered and used in the present invention as a therapeutic agent in combination with a 
peptide of the invention. 

An improvement in the symptoms as a result of such administration is noted by a 
reduction in symptoms such as the symptoms of MS noted herein. A therapeutically effective 
dosage preferably reduces frequency of MS episodes, and severity of symptoms such as 
fatigue, pain, and visual distrubances by at least about 20%, more preferably by at least about 
40%, even more preferably by at least about 60%, and even still more preferably by at least 
about 80%, relative to untreated subjects. Cure of complete remission or improvement of 
symptoms can be noted by increased life span, elimination of relapsing episodes, and 
significantly improved overall health of the patient. 

Another embodiment of the invention is a kit for assaying the binding of an analyte to 
an MHC protein associated with a demyelinating condition. This embodiment provides: a 
water-soluble MHC protein which is associated with a demyelinating condition and which has 
been recombinantly produced in a heterologous cell; a reaction chamber for containing the 
analyte and the MHC protein; and means for detecting binding of the analyte to the MHC 
protein. In a preferred embodiment, the MHC protein is produced in an invertebrate or a 
microbial cell, such as an insect cell or a yeast cell, and so is devoid of bound epitopes of 
human or mammalian origin, the bound peptide being in the antigen cleft, i.e., the MHC 
protein of the kit is "empty." Means for detecting binding of the analyte to the MHC protein 
can be radioactive, fluorimetric, ligand associating means such as biotinylated, 
chemilumine scent, or colorimetric means known to one of ordinary skill in the art. In a 
preferred embodiment of the kit, the MHC protein is a class II MHC HLA-DR1, -DR2, or - 
DR4 protein. Further, the kit can include also a reference material such as an autoantigenic 
peptide, such as a CII peptide, or a peptide derived from MBP, MOG, or a peptide from some 
other protein implicated in a demyelinating condition, such as a peptide comprising MBP 
residues at positions 85-99 (SEQ ID NO: 1). 

The invention having now been fully described, embodiments are illustrated in the 

examples below, which are not intended to be further limiting. The contents of all cited 

patents and papers are hereby incorporated by reference herein. 
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EXAMPLES 

The following materials and methods were used in the Examples below. 
Methods for protein expression and purification of soluble HLA-DR2 protein molecules 

Soluble HLA-DR2 molecules were expressed in Drosophila S2 cells and purified as 
described (Kalandadze A. et al., J. Biol. Chem. 271:20156 (1996)). Cells were grown in roller 
bottles in ExCell 401 medium (JRH Biosciences, Lenexa, KS) supplemented with 2% fetal 
bovine serum (Sigma Chemicals, St. Louis, MO) at 26°C. Cells were harvested 4-5 days after 
induction by 1 mM CuS04. Supernatant from harvested cells was passed sequentially through 
Protein A, Protein G and Protein A-LB3.1 columns, followed by elution of the bound HLA- 
DR with 50 mM 3-[cyclohexylamino]-l-propanesulfonic acid and neutralized with 200 mM 
phosphate (pH 6.0). Proteins were concentrated on a Centriprep 10 membrane (Amicon, 
Beverly, MA). 

Methods for preparation of COP 1 antigens 

Cop 1 is a synthetic random copolymer prepared by polymerization of the 
N-carboxyanhydrides of L-tyrosine, y-benzyl-L-glutamate, L-alanine and e,N-trifluoroacetyl- 
L-lysine (Teitelbaum D, et al. Eur J Immunol 1 :242, 1971). The end product is a mixture of 
acetate salts of random polypeptides. Copaxone® was obtained by prescription from a 
pharmacy. Biotinylation of Cop 1 was performed with excess N-hydroxysuccinimide biotin 
(Sigma) in dimethylsulfoxide (DMSO) as described (Fridkis-Hareli M. et al., Proc. Natl. 
Acad. Sci. U.S.A. 91:4872 (1994)). Unreacted biotin was removed by dialysis (Spectra/Por® 
membrane molecular weight cut-off 500); Spectrum Medical Industries, Laguna Hills, CA). 
Method for synthesis of peptides 

Peptides were synthesized on a 1 jamole scale using the Multipin Peptide Synthesis 
System (Chiron Mimotopes, Clayton, Australia) as 15-mers with a free amine at the N- 
terminus and a free acid at the C-terminus. Peptide synthesis was monitored by including two 
standard peptide sequences as controls, which were subjected to HPLC and mass spectroscopy 
analysis. The reference peptide MBP 85-99 (ENPVVHFFKNIVTPR; SEQ ID No.: 1), either 
unlabeled or with biotin linked to the N-terminus by the spacer serine-glycine-serine-glycine 
and free acid at C-terminus, was also included as a positive control for binding experiments. 
Pin peptides were lyophilized and resuspended at a concentration of 2 mg/ml in DMSO. These 
conditions allowed the majority of peptides to be completely solubilized. 
Methods for assays of synthetic peptide binding to MHC class II HLA-DR2 proteins 

The inhibitory activity of each test peptide is determined by the amount of inhibition of 
binding of biotin to HLA-DR2 molecules produced by the unlabeled test peptide, and 
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compared to inhibition of binding produced by an equivalent molar amount of unlabeled MBP 
85-99 or unlabeled Cop 1, and compared to binding in the absence of any inhibitor. A high 
inhibitory activity (expressed as percent inhibition) indicates that the test peptide inhibits an in 
vivo triggering of an autoimmune response associated with demyelinating conditions such as 
MS. 

The solutions used in this assay are: binding buffer, 20 mM 2-[N-morpholino] 
ethanesulfonic acid (MES), 140 mM NaCl, and 0.05% NaN3, pH 5.0, unless otherwise 
specified; PBS, 150 mM sodium chloride, 7.5 mM sodium phosphate, dibasic, and 2.5 mM 
sodium phosphate, monobasic, pH 7.2; TBS, 137 mM sodium chloride, 25 mM Tris pH 8.0, 
2.7 mM potassium chloride; and TTBS, which is TBS with 0.05% Tween-20. 

The preparation of microtiter plates for assay of peptide binding employed treated 96- 

TM 

well microtiter immunoassay plates (PRO-BIND , Falcon, Lincoln Park, NJ). Each well of 
the plates was coated with 1 jig/well affinity-purified LB3.1 monoclonal antibodies in PBS 
(100 jil per well) for 18 hrs at 4°C. The wells were then blocked with TBS/3% BSA for 1 hr at 
37°C and washed three times with TTBS. Prior to sample addition, 50 jil of TBS/1% BSA was 
added to each well. 

Peptides to be tested are evaluated for inhibitory activity using inhibition reactions, 
which contained biotinylated Cop 1 or biotinylated MBP 85-99 at a final concentration of 1.5 
\xM and 0.13 jiM, respectively, in 50 \i\ of binding buffer. This solution was coincubated for 
40 hr at 37°C with various amounts of each of the unlabeled test synthetic peptide (or as 
controls, Cop 1 or MBP 85-99), and with HLA-DR2 molecules. 

Detection of class II MHC protein/peptide complexes was performed by measuring 
bound peptide-biotin, which was detected using streptavidin-conjugated alkaline phosphatase, 
as follows. Plates were washed three times with TTBS and incubated with 100 [il per well of 
streptavidin-conjugated alkaline phosphatase (diluted 1:3000, BioRad, Richmond, CA) for 1 hr 
at 37°C, followed by addition of p-nitrophenyl phosphate in triethanolamine buffer (BioRad). 
The absorbance at 410 nm was monitored by a microplate reader (model MR4000; Dynatech, 
Chantilly, VA). 

Methods for assay of inhibition of antigen presentation by synthetic peptides 

Cell lines were constructed as follows. MBP 84-102-specific T cells were obtained 

from patients with relapsing-remitting MS carrying the MHC class II DR2 (8073, patient Ob 

(carrying the DRB1*1501 allele) and HylB, patient Hy (carrying the DRB1*1602 allele)) were 

transfected with TCR, into BW 58 TCR a7p" as recipient cells (Madsen, L. et al. Nature 

Genet. 23:343, 1999). Antigen presenting cells (APC) were L466 (L cells transfected with 
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HLA-DR2 (DRB1*1501)) or MGAR (EBV-transformed B cells homozygous for 
DRB1*1501). 

T-cell stimulation experiments were performed in a total volume of 200 |il in each well 
of a 96-well microtiter plate. Irradiated (3000 rad) APC (2.5 x 10 4 /well) were coincubated with 
the MBP 85-99 peptide (final concentration 12.5 |iM) and with different concentrations of 
peptides for 2 hr at 37°C. After the incubation, T cells (5 x 10 4 /well) were added and the 
plates were further incubated for 24 hr at 37°C. Supernatants (30 )il) were removed, and were 
incubated with IL-2-dependent CTLL (5 x 10 4 /well) for 12 hr, followed by labeling with 3 H- 
thymidine (1 jiCi/well) for 12 hr. Plates were harvested and the radioactivity was monitored 
using a 1450 microbeta Plus liquids cintillation counter (Wallac, Gaithersburg, MD). 
Example 1 . Criteria for design of the synthetic peptides 

A variety of peptide 1 5-mers were synthesized based on different amino acid sequences 
for conferring potential binding properties for the peptide binding groove of HLA-DR2. Each 
sequence was tested as part of the overall method of the design of the synthetic peptides (Table 
1). Various combinations of glutamic acid (E), lysine (K) and alanine (A) were used at the N- 
terminus of the majority of the 82 peptides shown in Table 1 . These residues were followed in 
most of the sequences by tyrosine (Y) at the location that corresponds to the PI pocket of the 
bound peptide in complex with the MHC class II protein (referred to as the "PI position"), and 
then by A in the subsequent positions (Fridkis-Hareli M. et al., J. Immunol. 162:4697 (1999)). 
In Table 1, the position in each synthetic peptide designed to occupy the PI pocket is the fifth 
residue from the amino terminus, shown in bold. For certain synthetic peptides, additional 
peptides of closely related or almost identical sequence were designed, such that the Y in the 
PI position of the sequence was replaced by other hydrophobic amino acids, such as 
phenylalanine (F), or valine (V). 

In synthetic peptide group 1, the sequences were designed to have Y at the PI position 
(corresponding to a valine, V, at residue number 89 which is at the PI pocket in the protein 
complex with MBP 85-99 (Wucherpfennig K.W. et al., J. Exp. Med. 179:279 1994, also shown 
in the crystal structure of MBP 85-99 complexed with HLA-DR2; Smith K.J. et al., J. Exp. 
Med. 19:1511 (1998)). 

In the synthetic peptides of group 2, A was designed to occupy the PI pocket and Y 
was designed to occupy the P4 pocket (Table 1). The position in each synthetic peptide 
designed to occupy the P4 pocket is the eighth residue from the amino terminus in Table 1 , and 
is shown in bold. This position corresponds to a phenylalanine, F, at residue number 92 of 
MBP 85-99 (SEQ ID NO: 1; Table 1). 
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In groups 3 and 4, synthetic peptides were designed that have Y at the positions in the 
sequence that occupy both the PI and at P4 pockets, with A (group 3) or with K (group 4) at 
the P5 position (residue 93 in the MBP 85-99 peptide is a K). The P5 residue is located in a 
feature of the peptide that is a T-cell receptor (TCR) contact of the complex of the MHC class 
II HLA-DR2 protein with a bound peptide, and this residue is shown underlined in Table 1 . 
The location of the TCR contact feature follows from the observation that binding of a K93 A 
substitution in the MHC protein complex with the peptide altered the cytokine profile of MBP- 
reactive T-cell clones, reducing the secretion by the cells of IFN-y to low levels (Ausubel L.J. 
et al., Proc. Natl. Acad. Sci. U.S.A. 93:15317 (1996); Ausubel L.J. et al., J. Immunol. 159: 
2502 (1997); Anderson D.E. et al., J. Immunol. 159:1669 (1997)). 

Synthetic peptides in group 5 were designed to have Y at the location that occupies the 
PI pocket, with Y or A substituted for an F in the position corresponding to residue 91 of 
MBP. These peptides in group 5 were designed also to have a K at a location (the P5 position) 
corresponding to MBP residue 93 (Table 1). 

Synthetic peptide #107 (SEQ ID NO: 69) in Table 1 has an amino acid sequence which 
is identical to that of MBP 85-99 except for a substitution of F to a Y in #107 peptide at 
residue 91 in MBP. This peptide was previously shown to induce proliferation of an MBP- 
reactive T-cell clone, such that induction was similar to that obtained with the original MBP 
85-99 epitope (Ausubel L.J. et al., J. Immunol. 159: 2502 (1997)). Synthetic peptide #107 was 
used as a reference for characterization of the other group 5 synthetic peptides. 

Synthetic peptides in group 6, with two exceptions, were designed to have a V in the 
amino acid sequence residue that occupies the PI pocket. The exceptions include peptide #117 
(SEQ ID NO: 80), which was designed to have a Y, and peptide #119 (SEQ ID NO: 82) which 
has an A, at the residue designed to occupy the PI pocket in the sequence of each peptide 
(Table 1). 

The amino acid sequences of the group of designed synthetic peptides further included 
one or more E and/or K residues, consistent with previous data on sequences of MHC class II 
protein binding motifs, and to improve the solubility of the synthetic peptides. 

Additional peptides were synthesized to test whether a hydrophobic residue is essential 
to inhibitory activity in the amino acid position 5 which interacts with the P 1 pocket; to vary 
hydrophobic residue sizes; and to test the relationship between amino acid side group structure 
and effect on inhibitory function of other positions in the peptides. 
Example 2 . Inhibition of Cop 1 and MBP 85-99 binding to HLA-DR2 molecules by the 
synthetic peptides 
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To examine whether the synthetic peptides competed either Cop 1 , or with the 

s 

immunodominant high affinity epitope peptide MBP 85-99 (SEQ ID NO: 1) for binding to 
HLA-DR2 molecules, competitive binding assays were carried out with biotinylated Cop 1 or 
with biotinylated MBP 85-99 as a test compound, to measure relative affinity of each of the 
unsubstituted (unbiotinylated and otherwise unlabeled) inhibitors (Cop 1, MBP 85-99 and each 
of the synthetic peptides). 

The results of such assays using biotinylated Cop 1 as the test compound showed that 
unsubstituted Cop 1 or MBP 85-99 (SEQ ID NO: 1) inhibited binding of biotinylated Cop 1 to 
recombinant HLA-DR2 protein to a greater extent than most of the designed synthetic peptides 
in groups 1-6 (Table 1). Peptides in groups 1-3 and in group 6 were poor competitors of Cop 1 
binding (Table 1). 

Inhibition of binding of biotinylated Cop 1 (panel A) or biotinylated MBP 85-99 (panel 
B) to HLA-DR2 molecules by each of several examples of the synthetic peptides is shown in 
FIG.l. Recombinant HLA-DR2 molecules were incubated with L5 |j,M of biotinylated Cop 1 
or 0.13 |iM of biotinylated MBP 85-99 alone, or further in the presence of unlabeled 
competitors at the range of concentrations shown in the figure, and the signals at 410 nm were 
measured. (Control wells of the ELISA plate without competitor had an absorbance of 0.90- 
0.95, and the background was 0.12.) 

Surprisingly, several synthetic peptides in group 4 (containing Y at locations that 
occupy PI and P4 pockets of the MHC class II protein) inhibited binding of biotinylated Cop 1 
to HLA-DR2 better than either Cop 1 or the MBP 85-99 peptide, with peptides #100- #103 
(SEQ ID NOS: 64-67, respectively) being most effective (Table 1, FIG. 1 A). 

Several synthetic peptides in group 4 inhibited binding of biotinylated Cop 1 better 
than most of the other peptides including MBP 85-99, which in FIG. 1 and Table 1 is denoted 
by the numeral 3 (SEQ ID NO: 1), as is shown in FIG. 1 A. Further, synthetic peptide #101 
(open triangles; SEQ ID NO: 65), inhibited binding of biotinylated Cop 1 to MHC class II 
DR2 protein to a greater extent and at lower concentration than MBP 85-99 (closed squares; 
SEQ ID NO: 1). 

Several synthetic peptides, for example, #94 (open squares; SEQ ID NO: 60), #96 
(open circles; SEQ ID NO: 62), #99 (open triangles; SEQ ID NO: 63) and #107 (closed 
triangles; SEQ ID NO: 69), were more effective than Cop 1 (closed circles) as inhibitors of 
binding of biotinylated MBP 85-99 peptide to MHC class II DR2 protein, as shown in FIG. 
IB. 

The results of assays using biotinylated MBP 85-89 as the test compound showed that 

24 



WO 02/059143 PCT/US02/02071 
several peptides inhibited binding of the biotinylated MBP 85-99 peptide to HLA-DR2 
molecules very efficiently. The best inhibitors were: unlabeled MBP peptide; synthetic peptide 
#107 (group 5; SEQ ID NO: 69), which is an analog of the MBP 85-99 with a substitution of F 
to Y at the location corresponding to residue 91 in the MBP 85-99 peptide; and the following 
synthetic peptides of group 4: #94 (SEQ ID NO: 60), #96 (SEQ ID NO: 62), #99 (SEQ ID NO: 
63) and #101 (SEQ ID NO: 65), containing Y at both positions corresponding to residue 
numbers 89 and 92 of MBP (the PI and P4 pockets) and K at both positions corresponding to 
MBP residue numbers 90 and 93 (Table 1, FIG. IB). Surprisingly, Cop 1 inhibited binding of 
the biotinylated MBP peptide 85-99 test compound less efficiently than these particular 
synthetic peptides (Table 1). 

Example 3 , Synthetic peptide inhibition of proliferation and IL-2 secretion by HLA-DR2 
restricted MBP 85-99-specific T cells 

To determine whether the synthetic peptides that bind to MS-associated HLA-DR2 
molecules would inhibit presentation of the MBP 85-99 peptide to HLA-DR2-restricted T 
cells, MBP 84-102- specific T cell transfectants were examined. These T cells were previously 
generated by transfection of BW 58 TCR a 7p" cells with DNA encording a TCR. The TCR 
gene was obtained from patients with relapsing-remitting MS, the patients carrying DR2 alleles 
8073, patient Ob (DRB1*1501) and HylB, patient Hy (DRB1*1602); (Madsen L.S. et aL, 
Nat. Genet. 23:343 (1999). Irradiated APC (L466 or MGAR) were incubated with MBP 85-99 
and the synthetic peptides for 2 hrs, then T cells were added for 24 hrs. Supernatants were 
tested for cell proliferation, and for IL-2 secretion by ability of samples to stimulate growth of 
IL-2 -dependent CTLL. 

Inhibition in the presence of the synthetic peptides of proliferation of HLA-DR2- 
restricted MBP 84-102-specific T cell transfectants HylB (FIG.2A) and 8073 (FIG.2B) was 
demonstrated with each of the indicated peptides. Irradiated cells MGAR (FIG.2A) or L466 
(FIG.2B) were coincubated in duplicate with MBP 85-99 (final peptide concentration 12.5 
|iM). Then the synthetic peptide or Cop 1 was added at the indicated final concentration, and 
the mixtures were incubated for 2 hr at 37°C, followed by addition of T cells HylB (FIG.2A) 
or 8073 (FIG.2B), and incubation for 24 hr at 37°C. Supernatants (30 \\X) were incubated with 
IL-2-dependent CTLL, followed by labeling with 3 H-thymidine (1 nCi/well) for 12 hr to 
measure proliferation. 

The data show that several of the synthetic peptides inhibited proliferation of MBP 85- 
99-reactive HylB T cells, using HLA-DR2-expressing MGAR cells as APC (Table 1, FIG. 
2A). The synthetic peptides that were most inhibitory included #94 (SEQ ID NO: 60), #96 
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(SEQ ID NO: 62), #99 (SEQ ID NO: 63), #100 (SEQ ID NO: 64), #101 (SEQ ID NO: 65), 
#102 (SEQ ID NO: 66), #103 (SEQ ID NO: 67) and #107 (SEQ ID NO: 69), for inhibition of 
T-cell presentation both to HylB and to 8073 cells. 

Synthetic peptides which inhibited binding of biotinylated MBP 85-99 or Cop 1 to 
HLA-DR2 molecules (FIG. 1 and Table 1) were here found to also be good inhibitors of MBP 
85-99-reactive HylB cells (FIG. 2A). Synthetic peptides #94 (SEQ ID NO: 60), #96 (SEQ ID 
NO: 62) and #99 (SEQ ID NO: 63) had K at both residues equivalent to residues 90 and 93 (of 
the sequence of MBP), whereas synthetic peptide #100 (SEQ ID NO: 64), #101 (SEQ ID NO: 
65) and #102 (SEQ ID NO: 66) had K at the residues corresponding to 88 and 93 (the P-l and 
P5 locations, respectively, in MBP 85-99; Table 1). When 8073 T-cell transfectants and L466 
APC were used, most of the active inhibitory synthetic peptides showed higher levels of 
inhibition compared to their activity as determined by testing with HylB cells. 

In contrast, Cop 1 had little effect on MBP-specific T-cell response, when used at a 
molar concentration similar to that at which the synthetic peptides were tested, with HylB cells 
(Table 1, FIG. 2A), and with 8073 cells (FIG. 2B). 

Without being limited to a particular theory or mechanism of action, these data indicate 
that the peptides herein may be advantageous as therapeutic agents, for example, for co- 
administration with other agents such as P-interferon or Cop-1, the combination more able to 
inhibit various aspects of the function of MHC class II molecules, or for administration in 
dosages at lower molar quantities than Cop 1 . 

Example 4 . Requirement for a hydrophobic amino acid residue at the PI site 

A variety of synthetic peptides were designed, synthesized, and tested herein for ability 

to compete with binding of biotinylated MBP 85-99 (SEQ ID NO: 1) to MHC class II HLA- 

DR2 molecules. Based on the results with the best peptides above, and in order to further 

elucidate the requirements of size, shape, charge and hydrophobicity in the interactions with 

this protein, additional peptides were designed, synthesized and tested. 

Peptide #1 in FIG. 3 (identical to peptide #101 in Table 1; SEQ ID NO: 65) was used 

as a template for design of additional related peptides, the related peptides designed to have 

glutamic acid (E) at the PI position (peptides #4 and #6; SEQ ID NOs: 92 and 94, 

respectively). Peptide #6 further contains proline residues located at positions near to each of 

the N- and C -termini (at each of positions 3 and 14 within the 15-mer peptide), similar to 

positions of prolines in MBP85-99 (SEQ ID NO: 1). The peptides having E at the PI position 

were used to determine whether a hydrophobic amino acid is optimal or required at this 

position in the sequence, for the desirable inhibitory activity of the peptide. 
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FIG. 3A confirms data shown above, indicating that peptide #1 (SEQ ID NO: 65) is at 
least as effective as MBP 85-99 in ability to inhibit binding of biotinylated MBP 85-99 (SEQ 
ID NO: 1) to HLA-DR2 molecules. Replacement of the hydrophobic residue tyrosine (Y) at 
the PI position at the residue corresponding to position 89 in MBP 85-99 (position number 5 in 
each of the peptides synthesized herein) with E, as in the sequences of peptides #4 and #6, 
however, reduces or eliminates inhibitory ability, indicating that high affinity to the MHC class 
II HLA-DR2 is been substantially related to having a hydrophobic residue at this position. 
FIG. 3B further indicates that ability to inhibit proliferation of HLA-DR2 restricted MBP 84- 
102-specific T cell line transfectant 8073 of peptide #1 (SEQ ID NO: 65) is substantially 
reduced by replacement of Y by E at the PI position, by comparison to the data obtained using 
peptide #4 (SEQ ID NO: 92). 

Example 5. Testing the relative sizes of hydrophobic amino acids for fit to the PI pocket 

A set of derivatives of peptide #2 (SEQ ID NO: 85) were synthesized, so that the Y in 
position 5 of that peptide, corresponding to the residue at position 89 of MBP 85-99 that 
interacts with the PI pocket of MHC class II, was replaced by each of phenylalanine (F; 
peptide #3; SEQ ID NO:91) and valine (V; peptide #5; SEQ ID NO:93 ). Peptide #2 shares 
sequence features with each of peptide #1 and MBP 85-99, having prolines (P) at each of 
positions 3 and 14 in the 15-mer peptide sequence. 

FIG. 4A shows the extent of inhibition of biotinylated MBP 85-99 binding to HLA- 
DR2 molecules as a function of concentration of each of unlabeled peptides MBP 85-99 (SEQ 
ID NO: 1); #2 (SEQ ID NO: 85); #3 (SEQ ID NO: 91); and #5 (SEQ ID NO: 93). From these 
data it can be seen that the valine replacement found in peptide #5 (SEQ ID NO: 93 ) yields a 
sequence with the greatest ability among peptides in this example to inhibit binding of MBP 
85-99 to HLA-DR2 molecules. FIG. 4B displays data for each of the tested peptides at the 1 .3 
|iM concentration. The data show that for peptides that are otherwise identical in sequence, 
having a hydrophobic residue that is less bulky, i.e., valine (V) at position 5 corresponding to 
MBP position 89, that interacts in the PI pocket, as in peptide #5 (SEQ ID NO: 93), results in a 
peptide that is more inhibitory than are otherwise identical peptides having a bulkier residue 
(tyrosine, Y, or phenylalanine, F) at the same position in the peptide. 

Further, the least inhibitory peptide among the three peptides each having a 
hydrophobic residue of different size was peptide #2, which carries tyrosine (Y). The Y side 
group is considered to be the largest among amino acids, Y, F and V. These data indicate that 
the smaller hydrophobic side chain of V results in greater inhibitory activity than otherwise 
identical 15-mer peptides with amino acid sequences having larger hydrophobic side chains (F 
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and Y). Thus V in position number 5 provides a 15-mer peptide having the best fit with the PI 
pocket of HLA-DR2 molecules. 

Example 6 . Effect of a charged amino acid in the P-3 position 

Peptide derivatives were synthesized having replacements of lysine (K), a positively 
charged amino acid as is found in the amino acid sequence peptide #3, to a neutral amino acid, 
in position 2 of the 15-mers, corresponding to the P-3 position as relates to the residue at 
position 5 of MBP 85-99 that interacts with the PI pocket of HLA-DR2 molecules. These 
replacements were synthesized based on the observation that MBP 85-99 (SEQ ID NO: 1) has 
a neutral amino acid (asparagine, N) at that location. 

The data in FIG. 5A show inhibition of binding of biotinylated MBP 85-99 to HLA- 
DR2 molecules peptides at a concentration of 1 .3 jjM for each of unlabeled peptides MBP 85- 
99 (SEQ ID NO: 1); #3 (SEQ ID NO: 91); #5 (SEQ ID NO: 93); #13 (SEQ ID NO: 98); and 
#14 (SEQ ID NO: 99). The data suggest that a peptide with a neutral amino acid at this 
position has inhibitory ability that is at least as good as that having a charged amino acid at this 
position. 

However, data shown in FIG. 5B, in which the inhibition of HLA-DR2 restricted MBP 
84-102-specific T cell line transfectant 8073 as a function of the concentration of each of 
synthetic peptides: #3 (SEQ ID NO: 91); #5 (SEQ ID NO: 93); #13 (SEQ ID NO: 98); and #14 
(SEQ ID NO: 99) further indicate that substitution of an A residue at the P-3 position (peptide 
#13) for a K residue (#3) reduces the inhibitory activity for T cell proliferation of these 
peptides. 

Example 7 . Comparison of hydrophobic residues tyrosine and phenylalanine at the P4 position 

FIG. 6A shows the inhibition of biotinylated MBP 85-99 (SEQ ID NO: 1) binding to 
HLA-DR2 molecules as a function of concentration of unlabeled synthetic peptides: #8 (SEQ 
ID NO: 96); and #9 (SEQ ID NO: 97). FIG.6B shows the inhibition of HLA-DR2 restricted 
MBP 84-102-specific T cell transfectant 8073 as a function of the concentration of each of 
synthetic peptides #8 (SEQ ID NO: 96); and #9 (SEQ ID NO: 97). 

The data show that phenylalanine (F) and tyrosine (Y), at the P4 position in the peptide, 
are about equally effective with respect to inhibitory activity of the peptide, both for 
competition of MBP 85-99 binding to HLA-DR2 molecules, and for inhibition of T cell 
proliferation. 

Example 8 . Comparison of three peptides for affinity to HLA-DR2 molecules by competition 
with biotinylated MBP 85-99, and inhibition of proliferation of T cells 



28 



WO 02/059143 PCT/US02/02071 

Peptides #1, #5 and #14 (SEQ ID NOs: 65, 93, and 99, respectively) were compared in 
a single assay with unlabeled MBP 85-99 (SEQ ID NO: 1), by the two criteria of inhibitory 
activity used in the Examples herein. The data in FIG. 7 show that, by the criterion of 
inhibition of biotinylated MBP 85-99 (SEQ ID NO: 1) binding to HLA-DR2 molecules as a 
function of concentration, each of peptides #5 and #14 were at least as effective as inhibitors of 
biotinylated MBP binding to HLA-DR2 molecules, and possibly more effective, than MBP 85- 
99. Peptides #5 and #14 each have V at the PI position and Y at the P4 position, and differ in 
having either K or A at the P-3 position, respectively, and were found to be equally effective 
inhibitors. 

Further, FIG. 8 shows that, by the criterion of inhibition of proliferation of HLA-DR2 
restricted MBP 84-102-specific T cell line transfectant 8073, that peptides #1, #5 and #9 were 
more effective than #14. Peptide #14 (SEQ ID NO: 99) has an F rather than the more 
favorable V in the PI position, and is longer in sequence, having a length of 17 amino acids, 
confirming the value of V at the PI position. 

Assays using inhibition of proliferation of 2E12 T cells, another HLA-DR2 restricted 
MBP 84-102-specific T cell line, supported findings obtained with the transfectant 8073 cell 
line. These assays show that that peptides #1 and #5, having either an F or a V at the position 
corresponding to that of position 89 of MBP 85-99 and interacting with the PI pocket of HLA- 
DR2 molecules, are the most successful inhibitors. 

Example 9 . Derivatives and oligomers of peptides 

Peptides compositions described herein can be arrayed in oligomers or polymers having 
the peptide amino acid sequence as a monomer, the sequence being repeated in a linear fashion 
as a homopolymer of the same sequence, or as a heteropolymer including an amino acid 
sequence of more than one peptide sequence. The peptide amino acid sequences can be 
separated by a short flexible linker, for example, comprising small uncharged amino acids. 
Further, an amino acid sequence of a peptide may be derivatized, for example, containing 
amino acid analogs such as D-amino acids or peptidomimetic bonds. Such amino acid 
oligomer and polymer sequences, and chemical derivatives thereof, are within embodiments of 
the present invention, and can be produced synthetically or by production in recombinant 
organisms carrying a nucleic acid encoding the polymer sequence. 
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1 . A composition comprising a peptide with an amino acid sequence having two 
tyrosine (Y) residues and a lysine (K) residue, wherein in a complex of the peptide with an 
MHC class II HLA-DR2 protein involved in modulation of an immune response, the residues 
in the amino acid sequence corresponding to: (i) tyrosines located at PI and P4 positions; and 
(ii) lysine located at a P5 position which contacts a T cell receptor protein. 

2. A composition comprising a peptide with an amino acid sequence having at 
least a tyrosine (Y) residue, a valine residue (V), and a lysine (K) residue, wherein in a 
complex of the peptide with an MHC class II HLA-DR2 protein involved in modulation of an 
immune response, the residues in the amino acid sequence corresponding to: (i) valine located 
at a PI position; (ii) tyrosine located at a P4 position; and (iii) lysine located at a P5 position 
which contacts a T cell receptor. 

3. The composition of claims 1 or 2, the sequence further comprising a lysine (K) 
residue at a P-l position. 

4. The composition of claims 1 or 2, wherein the sequence of the peptide further 
includes a plurality of alanine (A) residues at positions which are to the carboxy-terminal side 
of the lysine residue at P5 . 

5. The composition of claims 1 or 2, wherein the peptide is substantially pure. 

6. A composition according to claims 1 or 2, further comprising an additional 
therapeutic agent. 

7. The composition of claim 6, wherein the additional therapeutic agent is selected 
from the group consisting of an interferon and a random heteropolymer of amino acids. 

8. The composition of claim 1 or 2, wherein the peptide is synthetic. 

9. A composition comprising a synthetic peptide, wherein the peptide has an 

amino acid sequence having a greater inhibitory activity for binding to the antigen binding 
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groove of an MHC class II HLA-DR2 protein associated with multiple sclerosis, than a 
reference material selected from the group of: an immunodominant epitope from myelin basic 
protein (MBP), the epitope comprising MBP residues 85-99 ENPWHFFKNIVTPR as shown 
in SEQ ID NO: 1 ; and a randomly polymerized amino acid heteropolymer having amino 
acids, tyrosine, alanine, glutamic acid, and lysine (Copaxone®), the composition further 
capable of inhibiting proliferation of an MBP-specific T cell. 

10. The composition of claim 9, wherein the greater inhibitory activity is at least 

10%. 

1 1 . The composition of claim 9, wherein the greater inhibitory activity is at least 

20%. 

12. The composition of claim 9, wherein the peptide is about 5 to about 100 amino 
acids in length. 

13. The composition of claim 9, wherein the peptide is about 5 to about 25 amino 
acids in length. 

14. The composition of claim 9, wherein the peptide is about 5 to about 15 amino 
acids in length. 

1 5. The composition of claim 9, the peptide further comprising at least one non- 
naturally occurring amino acid, in a location in the sequence and in an amount sufficient to 
inhibit proteolytic degradation of the peptide in a subject, in comparison with a peptide 
identical in sequence and consisting of naturally occurring amino acid residues. 

16. The composition of claim 9, further comprising at least one non-naturally 
occurring amino acid, in a location in the sequence and in an amount sufficient to increase the 
affinity for the antigen binding groove of the MHC class II HLA-DR2 protein, in comparison 
with a peptide identical in sequence and consisting of naturally occurring amino acid residues. 

17. The composition of claim 9, comprising a plurality of copies of the peptide as a 
monomer unit of an oligomer, each monomer unit being joined by a flexible linker. 
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1 8. The composition of claim 17, wherein the oligomer is a homo-oligomer. 



19. The composition of claim 17, wherein the oligomer is a hetero-oligomer. 

20. The composition of claim 11, further comprising the presence in the sequence 
of at least one proline residue. 

21. The composition of claim 20, wherein the at least one proline residue is present 
proximal to at least one of carboxy- and amino-termini of the sequence. 

22. The composition of claim 21 , wherein at least one proline is present within four 
residues of at least one of carboxy and amino termini. 

23. The composition of claim 15, wherein at least one non-naturally occurring 
amino acid is the presence of at least one D-amino acid within four residues of at least one of 
the carboxy-terminal and amino-terminal. 

24. The composition of claim 1 1 , further comprising at least one non-peptide bond. 

25. The composition of claim 15, wherein the non-naturally occurring amino acid is 
a substitution of at least one alanine (A) in the sequence with a peptidomimetic compound 
selected from the group consisting of: Tic, which is tetrahydroisoquinoline-(S)-3-carboxylic 
acid); Thiq, which is tetrahydroisoquinoline-(S)-l-carboxylic acid); Disc, which is 
(dihydroisoindole-(S)-2-carboxylic acid); C(Acm),which is acetamido-methyl-Cys; C(Prm), 
which is propylamidomethyl-Cys; C(Ace), which is acetyl-Cys; MePhg, which is 
methylphenyl-Gly; and Nva, which is norvaline. 

26. The composition of claim 24, wherein the non-peptide bond is selected from the 
group consisting of a peptide nucleic acid bond and a phosphorothioate bond. 

27. The composition of claim 24, wherein the amino acid modification is N- 
methylation of a peptide backbone nitrogen. 
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28. A composition comprising a synthetic peptide having an amino acid sequence 
selected from the group consisting of: 

AAEAYKAYKAAAAAA (SEQ ID NO: 60), 
EAAAYKAYKAAAAAA (SEQ ID NO: 63), 
EAAKYEAYKAAAAAA (SEQ ID NO: 64), 
EKAKYEAYKAAAAAA (SEQ ID NO: 65), 
EAKKYEAYKAAAAAA (SEQ ID NO: 66), 
AKKEYAEYKAAAAAA (SEQ ID NO: 67), 
EAPAYKAYKAAAAPA (SEQ ID NO: 83), 
EAPKYEAYKAAAAPA (SEQ ID NO: 84), 
EKPKYEAYKAAAAPA (SEQ ID NO: 85), 
EAPKYEAYKAAAAPA (SEQ ID NO: 86), 
AKPEYAEYKAAAAPA (SEQ ID NO: 87), 
APEKAKYEAYKAAAAAA (SEQ ID NO: 88), 
APEKAKYEAYKAAAAAAPA (SEQ ID NO: 89), 
EKAKYEAYKAAAAAAPA (SEQ ID NO: 90), 
EKPKFEAYKAAAAPA (SEQ ID NO: 91), 
EKAKYEAYKAAAAAA (SEQ ID NO: 92), 
EKPKVEAYKAAAAPA (SEQ ID NO: 93), 
EKPKEEAFKAAAAPA (SEQ ID NO: 94), 
EKAKFEAFKAAAAAA (SEQ ID NO: 95), 
APEKAKFEAFKAAAAPA (SEQ ID NO: 96), 
APEKAKFEAYKAAAAPA (SEQ ID NO: 97), 
EAPKFEAYKAAAAPA (SEQ ID NO: 98), and 
EAPKYEAYKAAAAPA (SEQ ID NO: 99). 

29. The composition of claim 28, wherein the peptide is substantially pure. 

30. The composition of claim 28, further comprising substitution of an alanine (A) 
or lysine (K) at position P4 by an amino acid selected from the group consisting of tyrosine 
(Y), phenylalanine (F), methionine (M), valine (V), isoleucine (I) and leucine (L). 

3 1 . The composition of claim 28, further comprising substitution of a tyrosine (Y) 
in the PI position by a valine (V). 
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32. The composition of claim 28, wherein the peptide comprises an oligomer 
having a plurality of monomer units having the amino acid sequence of the synthetic peptide, 
the units joined by a flexible linker. 

33. A method for reducing demyelination of cells in a subject, the method 
comprising administering to the subject a composition as shown in claim 28. 

34. A method for obtaining a synthetic peptide having inhibitory activity for 
binding of an immunodominant epitope of multiple sclerosis (MS) to an MHC class II protein 
associated with MS, the method comprising: 

designing a plurality of peptide sequences, wherein each peptide comprises a sequence 
of amino acids having a charge, size, and order within the sequence such that the peptide is 
capable of occupying features of an antigen binding site of an MHC class II protein associated 
with multiple sclerosis (MS); and 

assaying each of the plurality of peptides for affinity for the MHC class II protein, to 
determine the amount of the peptide having inhibitory activity for binding of a reference 
compound to the MHC class II protein, wherein a lower amount of peptide able to inhibit the 
extent of binding compared to the reference compound indicates a greater inhibitory activity of 
the peptide for inhibiting binding of an immunodominant epitope of multiple sclerosis (MS) to 
an MHC class II protein associated with MS. 

35. A method for obtaining a synthetic peptide having inhibitory activity for 
proliferation of cells of a T cell line, the T cells restricted to an immunodominant epitope of 
multiple sclerosis (MS), the method comprising: 

designing a plurality of peptide sequences, wherein each peptide comprises a sequence 
of amino acids having a charge, size, and order within the sequence such that the peptide is 
capable of occupying features of an antigen binding site of an MHC class II protein associated 
with MS; and 

assaying each of the plurality of peptides for an amount that has ability to inhibit 
proliferation of the T cells in comparison to a reference compound, wherein a lower amount of 
peptide able to inhibit the proliferation of the cells compared to the reference compound 
indicates a greater inhibitory activity of the peptide for inhibiting the T cells restricted to an 
immunodominant epitope of MS. 
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36. The method of claims 34 or 35, wherein the reference compound is selected 
from a group consisting of Copaxone® and a peptide comprising a sequence of amino acids at 
positions 85-99 of myelin basic protein (MBP) as shown in SEQ ID NO: 1 . 

37. The method of claims 34 or 35, further comprising: measuring an ability of 
each of the plurality of peptides to inhibit presentation of the reference compound to HLA 
restricted T cells. 

38. The method of claims 34 or 35, wherein designing a plurality of peptide 
sequences having a charge, a size, and an order within the sequence is choosing amino acids to 
occupy positions in the sequence of that peptide capable of contacting the antigen binding PI 
and P4 pockets of the MHC class II protein associated with MS, corresponding to locations in 
the MBP 85-99 peptide amino acid sequence at residues 89 and 92, respectively. 

39. The method of claim 38, further comprising selecting the amino acids 
contacting the PI and P4 pockets from the group consisting of hydrophobic amino acids. 

40. The method of claim 39, wherein the hydrophobic amino acids are selected 
from the group consisting of a tyrosine (Y), a valine (V), a phenylalanine (F), a methionine 
(M), an isoleucine (I), and a leucine (L). 

41 . The method of claim 38, wherein the hydrophobic amino acids contacting the 
P4 pocket are selected from the group consisting of a tyrosine (Y) and a phenylalanine (F). 

42. The method of claim 38, wherein the amino acid contacting the PI pocket is 
valine (V). 

43. The method of claim 39, wherein the amino acid in the P5 position is a lysine 

(K). 

44. The method of claims 34 or 35, wherein in comparing the affinity of each of the 
plurality of peptides, the method further comprises providing a reference compound having a 
detectable modification. 
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45. The method of claim 44, wherein the modification is selected from the group of 
compounds which are radioactive, antigenic, biotinylated, fluorescent, photometric, and have a 
high affinity for an immobilized ligand. 

46. The method of claim 34, wherein after determining the concentration of the 
peptide able to inhibit an extent of binding of the test compound to the MHC class II protein 
associated with multiple sclerosis, the method further comprises measuring an amount of 
proliferation of a DR2 -restricted cell line of T cells exposed to the complex of the peptide with 
the MHC class II protein. 

47. The method of claim 46, wherein measuring the amount of proliferation further 
comprises determining an amount of IL-2 secretion by the T cells. 

48. The method of claim 47, wherein determining the amount of IL-2 secretion 
further comprises assaying culture fluid of the T cells for ability to support growth of IL-2 
dependent cytotoxic T-cell interleukin-dependent lymphocytes (CTLL). 

49. A method of treating a subject having a demyelinating condition, comprising: 
providing to the subject a composition capable of inhibiting binding of myelin basis protein 
(MBP) peptide to purified recombinant MHC class II DR2 molecules, wherein the composition 
is a peptide that comprises an amino acid sequence selected from the group consisting of: 
AAEAYKAYKAAAAAA (SEQ ID NO: 60), EAAAYKAYKAAAAAA (SEQ ID NO: 63), 
EAAKYEAYKAAAAAA (SEQ ID NO: 64), EKAKYEAYKAAAAAA (SEQ ID NO: 65), 
EAKKYEAYKAAAAAA (SEQ ID NO: 66), AKKEYAEYKAAAAAA (SEQ ID NO: 67), 
EAPAYKAYKAAAAPA (SEQ ID NO: 83), EAPKYEAYKAAAAPA (SEQ ID NO: 84), 
EAPKYEAYKAAAAPA (SEQ ID NO: 86), AKPEYAEYKAAAAPA (SEQ ID NO: 87), 
APEKAKYEAYKAAAAAA (SEQ ID NO: 88), APEKAKYEAYKAAAAAAPA (SEQ ID 
NO: 89), EKAKYEAYKAAAAAAPA (SEQ ID NO: 90), EKPKFEAYKAAAAPA (SEQ ID 
NO: 91), EKPKVEAYKAAAAPA (SEQ ID NO: 93), EKAKFEAFKAAAAAA (SEQ ID 
NO: 95), APEKAKFEAFKAAAAPA (SEQ ID NO: 96), and APEKAKFEAYKAAAAPA 
(SEQ ID NO: 97), wherein the subject having a demyelinating condition is treated. 
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50. The method of claim 49, wherein the demyelinating condition is selected from 
the group consisting of a post-viral encephalomyelitis, a post- vaccine demyelinating condition, 
a multiple sclerosis, and a side effect of administering an anti-TNF agent. 

5 1 . The method of claim 49, wherein the MBP peptide comprises MBP residues 85- 
99 as shown in SEQ ID NO: 1. 

52. The method of claim 49, wherein the peptide further inhibits proliferation of 
autoantigen-specific HLA-DR2-restricted T-cell clones. 

53. The method of claim 49, wherein the amino acid sequence of the peptide 
further comprises at least one amino acid analog substituted for an amino acid. 

54. The method of claim 49, wherein the amino acid sequence of the peptide 
comprises at least one peptide bond analog. 

55. The method of claim 49, further comprising formulating the composition in a 
pharmaceutical^ acceptable carrier. 

56. The method of claim 49, further comprising formulating the composition as a 
unit dose. 

57. The method of claim 49, wherein the MHC class II DR2 molecules are of a 
genotype associated with multiple sclerosis. 

58. The method of claim 57, wherein the MHC class II DR2 molecules are selected 
from the group consisting of DRB 1 * 1 50 1 and DRB 1 * 1 602. 

59. A kit comprising at least one container having a peptide capable of inhibiting 
binding of an immunodominant epitope of myelin basic protein to an MHC class II DR2 
protein, and instructions for use. 
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60. The kit of claim 59, wherein the peptide is substantially pure. 

61 . A kit comprising at least one container having a peptide as shown in claim 28, 
in a pharmaceutical^ acceptable buffer, and instructions for use. 
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